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ABSTRACT
Equations of cosmic dynamics for a model of the opaque Universe are derived and tested on
supernovae (SNe) Ia observations. The model predicts a cyclic expansion/contraction evolution
of the Universe within a limited range of scale factors. The maximum scale factor is controlled by
the overcritical density of the Universe, the minimum scale factor depends on global stellar and
dust masses in the Universe. During contraction due to gravitational forces, the extragalactic
background light (EBL) and intergalactic opacity increase with time because of a smaller proper
volume of the Universe. The radiation pressure produced by absorption of the EBL by dust
steeply rises and counterbalances the gravitational forces. The maximum redshift, at which the
radiation pressure is capable to stop the contraction and start a new expansion, is between 15
and 45. The model avoids the Big Bang and concepts of the non-baryonic dark matter and
dark energy. The model successfully explains the existence of very old mature galaxies at high
redshifts and observed dimming of the luminosity of SNe Ia with redshift. The cosmic microwave
background (CMB) is interpreted as thermal radiation of intergalactic dust and its temperature
is predicted with accuracy higher than 2%. The CMB temperature anisotropies are caused by
the EBL fluctuations related to large-scale structures in the Universe. A strong decline of the
luminosity density at z > 4 is explained by high opacity of the Universe rather than by its
darkness due to a missing stellar mass at high redshifts.
Subject headings: early universe – cosmic background radiation – dust, extinction – universe opacity –
dark matter – dark energy
1. Introduction
The Big Bang theory is supported by the three
key observations: (1) the expansion of the Uni-
verse measured by the redshift of distant galax-
ies, (2) the existence of the cosmic microwave
background (CMB), and (3) the relative amounts
of hydrogen, helium and deuterium in the Uni-
verse. The expansion of the Universe was pre-
dicted by Friedmann in 1922 (Friedmann 1999)
and confirmed experimentally by Lemaˆıtre (1927)
and Hubble (1929). The expansion velocity of
∼ 500 km s−1 Mpc−1 estimated originally by Hub-
ble was later corrected to ∼ 67−73 km s−1 Mpc−1
obtained, e.g., by the baryonic acoustic peaks in
the CMB spectrum (Planck Collaboration et al.
2014b) or by a distance ladder method based on
measurements of SN Ia supernovae in galaxies at
distance of hundreds of Mpc (Freedman et al.
2001; Riess et al. 2011, 2016, 2018). The CMB as a
relic radiation of the Big Bang has been predicted
by several physicists and cosmologists (Alpher &
Herman 1948; Gamow 1952, 1956), and experi-
mentally detected by Penzias & Wilson (1965).
Later accurate CMB observations proved that the
CMB has almost a perfect blackbody spectrum
with an average temperature of T = 2.7K (Fixsen
2009) and with small-scale fluctuations of ±70µK
(Bennett et al. 2003; Hinshaw et al. 2009; Bennett
et al. 2013). Interpreting acoustic peaks in the
CMB spectrum caused by these fluctuations led
to estimation of the curvature of the universe and
the dark matter density (Hu & Dodelson 2002;
Spergel et al. 2007; Komatsu et al. 2011). Fi-
1
ar
X
iv
:1
90
2.
10
52
4v
1 
 [p
hy
sic
s.g
en
-p
h]
  2
2 F
eb
 20
19
nally, the Big Bang nucleosynthesis (BBN) the-
ory predicted the primordial abundances of deu-
terium, helium and lithium (Olive et al. 2000; Cy-
burt et al. 2016). The predicted abundance of he-
lium 4He/H = 0.2470 was confirmed by observa-
tions and deuterium abundance was used for esti-
mation of the baryon density in the Universe.
Although it seems that the validity of the Big
Bang theory is apparently undisputable and veri-
fied by many independent observations, a deeper
insight reveals essential difficulties and controver-
sies of this theory. First, the universe expansion
itself cannot be taken as evidence of the Big Bang.
The observations of the expansion are limited to
redshifts less than ∼ 14 − 15 and any inferences
about the cosmic dynamics at redshifts above this
limit should be taken with caution. Obviously, ex-
trapolations back to a primordial singularity are
highly speculative.
Second, it is assumed that the CMB provides
information about the universe at very high red-
shifts, but the origin of the CMB as a relic ra-
diation of the Big Bang is, in fact, uncertain.
For example, accurate measurements of the CMB
anisotropies by WMAP and Planck revealed sev-
eral unexpected features at large angular scales
such as non-Gaussianity of the CMB (Vielva et al.
2004; Cruz et al. 2005; Planck Collaboration et al.
2014c) and a violation of statistical isotropy and
scale invariance following from the Big Bang the-
ory (Schwarz et al. 2016). Moreover, Vavrycˇuk
(2017a) argues that the CMB cannot be a relic
radiation because the blackbody spectrum of the
relic radiation produced at very high redshifts
(z ∼ 1100) should be distorted by galactic and
intergalactic dust in the lower-redshift Universe
(z < 10). The distortion should be well above
the sensitivity of the COBE/FIRAS, WMAP, or
Planck flux measurements (Fixsen et al. 1996;
Hinshaw et al. 2009; Planck Collaboration et al.
2014a) and should include a decline of the spectral
as well as total CMB intensity due to absorption.
Obviously, if the CMB is not a relic radiation, the
concept of the Big Bang is seriously disputed.
Third, also evidence of the Big Bang provided
by the BBN is questionable. In order to fit ob-
servations of deuterium abundance, the baryon-
to-photon ratio or equivalently the baryon den-
sity Ωb is determined. Since this value is many
times lower than the mass density of the Uni-
verse indicated from gravitational measurements,
a concept of the non-baryonic dark matter had
to be introduced. In addition, the predictions of
the 4He, and 7Li abundances by the BBN are not
very persuasive. Initially, observations of 4He/H
abundance did not match the predicted value well
(Pagel et al. 1992; Peimbert et al. 2000) but af-
ter two decades of efforts (Peimbert et al. 2007;
Izotov et al. 2014; Aver et al. 2015) when adopt-
ing a large number of systematic and statistical
corrections (Peimbert et al. 2007, their table 7), a
satisfactory fit has been achieved (Vavrycˇuk 2018,
his fig. 14). By contrast, the predicted 7Li/H
abundance is 2− 3 times larger than observations
(Cyburt et al. 2008; Fields 2011) and to date, there
is no solution of the discrepancy of the 7Li abun-
dance without substantial departures of the BBN
theory (Cyburt et al. 2016).
The Big Bang theory and the interpretation
of the CMB as a relic radiation of the Big Bang
have also some other unsolved problems. It is de-
duced from supernovae measurements and from
the CMB anisotropy that the universe is nearly
flat at present (Planck Collaboration et al. 2014b,
2016a, 2018). This implies that the deviation of
the universe curvature from zero was less than
10−10 at the time of the Big Bang nucleosynthesis
and the actual density of the Universe was almost
exactly equal to the critical density, which is un-
likely (the ’flatness problem’, see Ryden (2016)).
Similarly, since the Universe is nearly homoge-
neous and isotropic on large scale at present, it
should be almost exactly isotropic and homoge-
neous at the last scattering epoch, even though
that the matter at different parts of the space was
not in a causal contact (the ’horizon problem’, see
Ryden (2016)). Furthermore, except for consider-
ing the non-baryonic dark matter, a ’dark energy’
concept as energy of vacuum was introduced in
order to interpret the supernovae data in terms
of an accelerating expansion of the Universe at
z ∼ 0.5 (Riess et al. 1998; Perlmutter et al. 1999;
Li et al. 2013). However, it is unclear why the
dark energy and the matter energy density have
the same order of magnitude just at the present
epoch, although the matter density changed by a
factor of 1042 during the universe evolution (the
’coincidence problem’, see Weinberg et al. (2013);
Bull et al. (2016)). Finally, recent observations of
very old galaxies at redshifts z ∼ 8 or higher ques-
2
tion the age of the Universe predicted by the Big
Bang theory (Ellis et al. 2013; Oesch et al. 2016;
Hashimoto et al. 2018).
Many of the mentioned problems of the Big
Bang theory are readily solved under an alterna-
tive cosmological model based on the idea that
the CMB is not relic radiation of the Big Bang
but thermal radiation of intergalactic dust (Wright
1982, 1987; Aguirre 2000). This model was re-
cently revived and revisited by Vavrycˇuk (2018)
who suggested that a virtually transparent Uni-
verse at the present epoch was increasingly opaque
at higher redshifts. The temperature of intergalac-
tic dust increases as (1+z) in this model and com-
pensates exactly the change of wavelengths of dust
radiation caused by redshift. The theory predicts
the CMB temperature with the accuracy higher
than 2%. The CMB temperature fluctuations are
caused by fluctuations of the extragalactic back-
ground light (EBL) produced by galaxy clusters
and voids in the Universe. The CMB polariza-
tion anomalies originate in the polarized thermal
emission of needle-shaped conducting dust grains
which are aligned by magnetic fields around large-
scale structures such as clusters and voids. The
number density of galaxies and the overall dust
masses within galaxies and in the intergalactic
space are basically constant with cosmic time. A
strong decline of the luminosity density for z > 4
is interpreted as the result of high opacity of the
high-redshift universe rather than of a decline of
the global stellar mass density at high redshifts.
Instead of a Universe evolution and expansion
from an initial singularity, an idea of steady-state
universe oscillations within a limited range of scale
factors is suggested (Vavrycˇuk 2018).
Although the interpretation of the CMB as
thermal radiation of dust is well developed the-
oretically and also supported by observations
(Vavrycˇuk 2018), equations of cosmic dynamics
under the cyclic universe model are missing. In
particular, it is unclear which forces act against
the gravity being able to cause a periodic expan-
sion/contraction evolution of the Universe. This
relates to the old problem addressed originally
by Einstein (1917) who introduced a cosmological
constant into his field equations of general relativ-
ity to counterbalance the gravity in the static uni-
verse. A similar idea has been adopted when the
dark energy was introduced to explain an accel-
erating expansion reported by teams conducting
and interpreting supernovae measurements (Riess
et al. 1998; Perlmutter et al. 1999). In this paper,
I show that the mysterious dark energy concept
is not needed and that the repulsive forces in the
Universe might be of a standard physical origin.
I show that the key to resolving this fundamental
long-lasting cosmological puzzle is the opacity of
the Universe and processes related to absorption
of light in the Universe. I document that the uni-
verse opacity, a central idea of the dust theory
(Vavrycˇuk 2016, 2017b), offers also a simple and
physically understandable solution even for the
cosmic dynamics. I derive formulas for radiation
pressure produced by absorption of light by galax-
ies, Lyman systems and by intergalactic dust. I
demonstrate that the light pressure is negligible
at the present epoch, but it could be significantly
stronger in the past epochs and it might balance
the gravitational forces at high redshifts. Based on
the numerical modeling and observations of basic
cosmological parameters, I estimate the maximum
redshift of the Universe achieved in the past and
the maximum scale factor of the Universe which
can be achieved in future. Finally, the predicted
cosmic dynamics is confronted with current super-
novae observations.
2. Theory
2.1. Equation of motion for two galaxies
Let us assume two galaxies interacting mutually
by the Newtonian gravity and by light radiation
MR¨ = −GM
2
R2
+ Sp , (1)
where M is the mass of a galaxy, R is the distance
between the galaxies, S is the cross-section of a
galaxy, p is the pressure caused by light radiated
by one galaxy and absorbed by galactic dust in
the other galaxy, and G is the gravitational con-
stant. The gravity and radiation forces have op-
posite signs, because they act against each other
(see Fig. 1a) . The radiation pressure produced by
the galaxies reads
p =
κ
c
L
4piR2
, (2)
where κ is the galactic opacity, c is the speed of
light, and L is the galactic luminosity (in W).
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Fig. 1.— Gravitational forces and radiation pressure acting on galaxies. Blue - compressional gravitational
forces, red - repulsive radiation pressure, gray - galactic dust absorbing light.
Hence the ratio between the gravitational and ra-
diation forces
FG
FR
= 4picG
M
L
M
κS
(3)
is independent of the distance R between galaxies.
Considering the galaxy mass M = 6 × 1010M,
mass-to-light ratio M/L = 5M/L, galactic
opacity κ = 0.25 and a spherical shape of a galaxy
with radius r = 10 kpc, we get for the ratio FG/FR
a value of about 1× 104.
If we consider two stars with parameters of the
Sun instead of two galaxies and with the star opac-
ity κ = 1, the ratio FG/FR attains a value of
1.7× 1015. Hence, the gravity attraction is higher
than the radiation repulsion by more than 15 or-
ders for stars but only by 4 orders for galaxies.
The ratio for galaxies may further decrease when
we take into account that the radiation in inter-
galactic space is, in fact, the EBL and its intensity
IEBL increases with redshift as (Vavrycˇuk 2018,
his eq. 5)
IEBL = IEBL0 (1 + z)
4
. (4)
Consequently, radiation pressure p caused by ab-
sorption of the EBL by galactic dust
p =
κ
c
IEBL (5)
increases according to the same redshift depen-
dence as IEBL in eq. (4)
p = p0 (1 + z)
4
. (6)
Hence, the FG/FR ratio might be significantly
lower in the past epochs than at the present time.
Inserting the relative scale factor a = R/R0 =
(1 + z)
−1
and eq. (4) into eq. (1)
a¨ = −GM
R30
1
a2
+
S
M
p0
R0
1
a4
, (7)
multiplying by a˙ and integrating in time, we get
1
2
(
a˙
a
)2
=
GM
R30
1
a3
− 1
3
S
M
p0
R0
1
a5
+
U
a2
, (8)
where the subscript ’0’ denotes the quantity at the
present time, and U is the integration constant
expressing a normalized energy of the system.
2.2. Dynamic equation of the transparent
universe
If we consider an expanding transparent uni-
verse with a uniform random distribution of galax-
ies (see Fig. 1b), eq. (8) must be modified. The
4
gravitational term in eq. (8) reads:
GM
R30
1
a3
=
4
3
piGρ0
1
a3
, (9)
where M means the mass of the Universe within a
sphere of radius R0, ρ0 is the density of the Uni-
verse at the present time, and R0 is the mean dis-
tance between galaxies at the present time.
The radiation-absorption term in eq. (8) reads:
1
3
S
M
p0
R0
1
a5
=
4
3
p0
γ0ρ0R0
1
a5
, (10)
where S is the total surface of galaxies within a
sphere of radius R0, p0 is the pressure acting on a
galaxy surface, γ0 is the mean-free path between
galaxies, subscript ’0’ denotes quantities at the
present time and we used the following relations
S
M
=
4pir2nV
ρ0V
=
4
γ0ρ0
, (11)
γ0 =
1
4pir2n
, (12)
where n is the galaxy number density, and r is the
mean galaxy radius.
Inserting eqs. (5), (9) and (10) into eq. (8), we
get(
a˙
a
)2
=
8
3
piGρ0
1
a3
− 8
3
κ
γ0
IEBL0
cρ0R0
1
a5
+
2U
a2
. (13)
2.3. Dynamic equation of the opaque uni-
verse
If we consider an intergalactic medium (IGM)
with dust, the term expressing absorption of light
by galactic dust in eq. (13)
λG0 =
κ
γ0
(14)
must be replaced by total absorption λ0 which in-
cludes also absorption by intergalactic dust λIG0
λ0 = λ
G
0 + λ
IG
0 . (15)
Taking into account the relation between the
EBL intensity IEBL and the luminosity density
j (Vavrycˇuk 2018, his eq. 7)
λ0I
EBL
0 =
j0
4pi
, (16)
we get(
a˙
a
)2
=
8
3
piGρ0
1
a3
− 2
3pi
j0
cρ0R0
1
a5
+
2U
a2
, (17)
where ρ0 is the mass density of the Universe, j0
is the luminosity density, U is the normalized en-
ergy of the system of galaxies and IGM, and R0
is the mean distance between galaxies which can
be calculated from the galaxy number density n
as follows
R0 =
[
3
4pin
] 1
3
. (18)
Eq. (17) resembles the well-known Friedmann
equation in its Newtonian form (Ryden 2016) ex-
cept for the additional radiation pressure term.
2.4. Distance-redshift relation
Introducing the Hubble parameter H(a) = a˙/a,
eq. (17) can be rewritten in the form
H2 (a) = H20
[
Ωma
−3 + Ωaa−5 + Ωka−2
]
. (19)
where
H20 =
8
3
piGρ0 − 2
3pi
j0
cρ0R0
+ 2U , (20)
is the Hubble parameter at the present time, and
Ωm, Ωa and Ωk denote the normalized gravity,
radiation-absorption and energy terms,
Ωm =
1
H20
(
8
3
piGρ0
)
,
Ωa = − 1
H20
(
2
3pi
j0
cρ0R0
)
,
Ωk =
2U
H20
,
(21)
with
Ωm + Ωa + Ωk = 1 . (22)
The scale factor a of the Universe with the zero
expansion rate is defined by
H2 (a) = 0 , (23)
which yields a cubic equation in a
Ωka
3 + Ωma
2 + Ωa = 0 . (24)
5
Taking into account that Ωm > 0 and Ωa < 0, eq.
(24) has two distinct real positive roots for(
Ωm
3
)2
>
(
Ωk
2
)2
|Ωa| , (25)
and
Ωk < 0 . (26)
Negative Ωa and Ωk imply that
Ωm > 1 . (27)
and
ρ0 > ρc =
8piG
3H20
. (28)
Under these conditions, eq. (19) describes a
universe with a cyclic expansion/contraction his-
tory and the two real positive roots amin and amax
define the minimum and maximum scale factors of
the Universe. For Ωa  1, the scale factors amin
and amax read approximately
amin ∼=
√∣∣∣∣ ΩaΩm
∣∣∣∣ and amax ∼= ∣∣∣∣ΩmΩk
∣∣∣∣ , (29)
and the maximum redshift is
zmax =
1
amin
− 1 . (30)
The scale factors a of the Universe with the
maximum expansion/contraction rates are defined
by
d
da
H2 (a) = 0 , (31)
which yields a cubic equation in a
2Ωka
3 + 3Ωma
2 + 5Ωa = 0 . (32)
Taking into account eqs (7) and (21), the decel-
eration of the expansion reads
a¨ = −1
2
H20
[
Ωma
−2 + 3Ωaa−4
]
. (33)
Hence, the zero deceleration is for the scale factor
a =
√∣∣∣∣3ΩaΩm
∣∣∣∣ . (34)
Finally, the comoving distance as a function of
redshift is expressed from eq. (19) as follows
dr =
c
H0
dz√
Ωm (1 + z)
3
+ Ωa (1 + z)
5
+ Ωk (1 + z)
2
.
(35)
3. Parameters for modeling
For calculating the expansion history and cos-
mic dynamics of the Universe, we need observa-
tions of cosmological parameters such as the distri-
bution of matter in galaxies and IGM, the galaxy
luminosity density, the intensity of the EBL, the
mean galactic and intergalactic opacities, and the
expansion rate of the Universe at the present time.
3.1. EBL and the galaxy luminosity den-
sity
The EBL covers a wide range of wavelengths
from 0.1 to 1000 m. It was measured, for ex-
ample, by the IRAS, FIRAS, DIRBE on COBE,
and SCUBA instruments (for reviews, see Hauser
& Dwek (2001); Lagache et al. (2005); Cooray
(2016). The direct measurements are supple-
mented by integrating light from extragalactic
source counts (Madau & Pozzetti 2000; Hauser &
Dwek 2001) and by attenuation of gamma rays
from distant blazars due to scattering on the EBL
(Kneiske et al. 2004; Dwek & Krennrich 2005; Pri-
mack et al. 2011; Gilmore et al. 2012). The EBL
spectrum has two maxima: associated with the ra-
diation of stars (at 0.7− 2µm) and with the ther-
mal radiation of dust in galaxies (at 100−200µm),
see Schlegel et al. (1998); Calzetti et al. (2000).
Despite extensive measurements, uncertainties of
the EBL are still large. The total EBL should fall
between 40 and 200 nW m−2 sr−1 (Vavrycˇuk 2018,
his fig. 1) with the most likely value (Hauser &
Dwek 2001; Bernstein et al. 2002a,b,c; Bernstein
2007)
IEBL = 80− 100 nW m−2 sr−1 . (36)
The galaxy luminosity density is determined
from the Schechter function (Schechter 1976).
It has been measured by large surveys 2dFGRS
(Cross et al. 2001), SDSS (Blanton et al. 2001,
2003) or CS (Geller et al. 1997; Brown et al.
2001). The luminosity function in the R-band
was estimated at z = 0 to be (1.84± 0.04) ×
108 hL Mpc−3 for the SDSS data (Blanton et al.
2003) and (1.9± 0.6)×108 hL Mpc−3 for the CS
data (Brown et al. 2001). The bolometric luminos-
ity density is estimated by considering the spectral
energy distribution (SED) of galaxies averaged
over different galaxy types, being thus 1.4 − 2.0
times larger than that in the R-band (Vavrycˇuk
6
2017b, his table 2)
j = 2.5− 3.8× 108 hLMpc−3 . (37)
3.2. Galactic and intergalactic opacity
The opacity of galaxies due to extinction of
light by dust is strongly variable (for a review,
see Calzetti (2001)). The most transparent galax-
ies are ellipticals with an effective extinction AV
of 0.04 − 0.08 mag. The opacity of spiral and
irregular galaxies is higher. The opacity of the
disk in the face-on view is formed by two compo-
nents (Holwerda et al. 2005): an optically thicker
component (AI = 0.5 − 4 mag) associated with
the spiral arms and a relatively constant optically
thinner disk (AI = 0.5 mag). The inclination-
averaged extinction is typically: 0.5 − 0.75 mag
for Sa-Sab galaxies, 0.65 − 0.95 mag for the Sb-
Scd galaxies, and 0.3 − 0.4 mag for the irregular
galaxies at the B-band (Calzetti 2001). Taking
into account a relative distribution of galaxy types
in the Universe (Vavrycˇuk 2016, his table 2), the
overall mean galactic visual opacity κV is about
0.22± 0.08 (Vavrycˇuk 2017b).
The intergalactic opacity is strongly spatially
dependent being mostly appreciable at close dis-
tance from galaxies and in intracluster space.
Measurements of Me´nard et al. (2010b) indi-
cate that the visual intergalactic attenuation is
AV = (1.3± 0.1)× 10−2 mag at a distance from a
galaxy of up to 170 kpc and AV = (1.3±0.3)×10−3
mag at a distance of up to 1.7 Mpc. Similar values
are observed for the visual attenuation of intra-
cluster dust (Muller et al. 2008; Chelouche et al.
2007). An averaged value of intergalactic extinc-
tion was measured by Me´nard et al. (2010b) by
correlating the brightness of ∼ 85.000 quasars at
z > 1 with the position of 24 million galaxies at
z ∼ 0.3 derived from the Sloan Digital Sky Survey.
The authors estimated AV to about 0.03 mag at
z = 0.5. A consistent opacity was reported by Xie
et al. (2015) who studied the luminosity and red-
shifts of the quasar continuum of ∼ 90.000 objects
and estimated the intergalactic opacity at z < 1.5
as
AV ∼ 0.02hGpc−1 . (38)
Dust extinction can also be measured from
the hydrogen column densities of damped Lyman
α absorbers (DLAs). Based on the Copernicus
data, Bohlin et al. (1978) reports a linear relation-
ship between the total hydrogen column density,
NH = 2NH2 +NHI, and the color excess and visual
attenuation
NH/ (AB −AV ) = 5.8× 1021 cm−2 mag−1 , (39)
NH/AV ≈ 1.87× 1021 cm−2 mag−1 for RV = 3.1 .
(40)
The result has been confirmed by Rachford
et al. (2002) using the FUSE data who refined
the slope in eq. (39) to 5.6 × 1021 cm−2 mag−1.
Taking into account observations of the mean
cross-section density of DLAs (Zwaan et al. 2005),
〈nσ〉 = (1.13± 0.15)× 10−5 hMpc−1, the charac-
teristic column density of DLAs, NHI ∼ 1021 cm−2
reported by Zwaan et al. (2005), and the mean
molecular hydrogen fraction in DLAs of about
0.4− 0.6 (Rachford et al. 2002, their Table 8), the
intergalactic attenuation AV at z = 0 is from eq.
(40): AV ∼ 1− 2× 10−5 hMpc−1, which is the re-
sult of Xie et al. (2015): AV ∼ 2× 10−5 hMpc−1.
A low value of intergalactic attenuation indicates
that the intergalactic space is almost transparent
at z = 0. The intergalactic attenuation is, how-
ever, redshift dependent. It increases with red-
shift, and a transparent universe becomes signifi-
cantly opaque at redshifts of z > 3, see Vavrycˇuk
(2017b).
3.3. Size and number density of galaxies
The distribution of galaxies is fairly variable be-
cause of galaxy clustering and presence of voids
in the universe (Peebles 2001; Jones et al. 2004;
von Benda-Beckmann & Mu¨ller 2008). The galaxy
number density might be 10 times higher or more
in clusters, at distances up to 15 − 20 Mpc than
the density averaged over larger distances. The
number density averaged over hundreds of Mpc is,
however, stable. It is derived from the Schechter
luminosity function (Schechter 1976) and lies in
the range of 0.010 − 0.025 h3 Mpc−3, reported
by Peebles (1993); Peacock (1999); Blanton et al.
(2001, 2003). These values correspond to the
mean distance R0 between galaxies R0 = 2.1 −
2.9 h−1 Mpc calculated using eq. (18).
The size of galaxies depends on their stellar
mass, luminosity, and the morphological type.
The galaxy luminosities are between ∼ 108 L
and ∼ 1012 L with effective radii between ∼
7
0.1 h−1 kpc and ∼ 10 h−1 kpc. For late-type
galaxies, the characteristic luminosity is -20.5 in
the R-band (Shen et al. 2003); the Petrosian half-
light radius is ∼ 2.5 − 3.0 h−1 kpc and the R90
radius is R90 = 7.5−9 h−1 kpc (Graham & Driver
2005). This value is close to a commonly assumed
mean galaxy radius R = 10 h−1 kpc (Peebles
1993; Peacock 1999).
3.4. Size and number density of damped
Lyman α clouds
Light is not absorbed only by dust in galax-
ies but also by intergalactic dust in the damped
Lyman α clouds (DLA). The DLA are massive
clouds with column densities NHI > 2×1020 cm−2.
They are self-shielded against ionizing radiation
from outside and contain mostly neutral hydro-
gen and form reservoirs of dust (Wolfe et al. 2005;
Meiksin 2009). The dust content is usually esti-
mated from the abundance ratio [Cr/Zn] assum-
ing that this stable ratio is changed in dusty en-
vironment because Cr is depleted on dust grains
but Zn is undepleted (Pettini et al. 1994, 1997).
Other dust indicators are depletion of Fe and Si
relative to S and Zn (Petitjean et al. 2002). Dust
in DLAs is also evidenced by reddening measured
by comparing composite spectra of quasars with
and without foreground absorption systems and
by searching for a systematic change of the contin-
uum slope (Fall & Pei 1989; Pei et al. 1991; Wild
et al. 2006). In addition, Vladilo et al. (2006), No-
terdaeme et al. (2017) and Ma et al. (2017) iden-
tified a clear signature of the 2175 A˚absorption
bump in quasar spectra produced by dust in in-
tervening DLAs.
The number density of DLAs is considerably
higher than that of galaxies. It can be deduced
from measurements of the Lyman α (Lyα) absorp-
tion lines produced in quasar optical spectra by
neutral hydrogen (H I) in intergalactic clouds ion-
ized by ultraviolet radiation at wavelength of 1216
A˚. Taking into account the mean cross-section
density of DLAs reported by Zwaan et al. (2005)
〈nσ〉 = (1.13± 0.15) × 10−5 hMpc−1 and size R
of 5-10 kpc (Cooke & O’Meara 2015), we get the
number density of 0.2 − 0.05 h3 Mpc−3. Since
dust is also partially contained in less massive but
more abundant LA systems, the number density
0.2 h3 Mpc−3 seems to be more appropriate for
numerical modeling if the other less massive LAs
are neglected. Subsequently, the mean distance
R0 between the DLAs is estimated by eq. (18) to
be about 1 Mpc.
3.5. Mass density of the Universe
A simplest and most straightforward method
how to estimate the mass density is based on
galaxy surveys and computation of the mass from
the observed galaxy luminosity and from the mass-
to-light ratio (M/L) that reflects the total amount
of the mass relative to the light within a given
scale. The M/L ratio is, however, scale depen-
dent and increases from bright, luminous parts
of galaxies to their halos (with radius of ∼ 200
kpc) formed by (baryonic and/or speculative non-
baryonic) dark matter. The M/L ratio depends
also on a galaxy type being about 3 to 4 times
larger for elliptical/SO galaxies than for typical
spirals, hence the observed M/LB is ∼ 100h for
spirals, but ∼ 400h for ellipticals at radius of
∼ 200 kpc, see Bahcall et al. (1995). Considering
the mean asymptotic ratio M/LB of 200 − 300h
and the observed mean luminosity density of the
universe at z = 0 of ∼ 2.5 × 108 hLMpc−3 re-
ported by Cross et al. (2001), the mass density Ωm
associated with galaxies is about 0.2−0.3 (Ωm = 1
means the critical density).
Another source of matter in the universe is
connected to Lyα absorbers containing photoion-
ized hydrogen at ∼ 104 K and being detected by
the Lyα forest in quasar spectra (Meiksin 2009).
These systems are partly located in the galaxy ha-
los, but a significant portion of them cannot be
associated to any galaxy, being observed, for ex-
ample, in voids (Penton et al. 2002; Tejos et al.
2012, 2014). The Lyα absorbers also form the in-
tragroup and intracluster medium (Bielby et al.
2017) and the intergalactic medium nearby the
other large-scale galaxy structures like the galaxy
filaments (Tejos et al. 2014; Wakker et al. 2015).
In addition, it is speculated that a large amount
of matter is located in the warm-hot intergalactic
medium (WHIM) that is a gaseous phase of mod-
erate to low density (∼ 10 − 30 times the mean
density of the Universe) and at temperatures of
105− 107 K. Although it is difficult to observe the
WHIM because of low column densities of HI in
the hot gas, they might be potentially detected
by surveys of broad HI Lyα absorbers (BLAs) as
reported by Nicastro et al. (2018) or Pessa et al.
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Table 1: Maximum redshift and scale factor in the cyclic model of the opaque universe
Model j0 R0 Ωm Ωa Ωk amax zmax
(108 hLMpc−3) (h−1 Mpc)
A 8.0 0.5 1.2 −4.53× 10−3 −0.195 6.1 15.2
B 3.5 1.2 1.2 −5.90× 10−4 −0.199 6.0 44.0
C 4.5 0.8 1.2 −1.45× 10−3 −0.199 6.0 27.7
D 4.5 0.8 1.1 −1.45× 10−3 −0.099 11.2 26.5
E 4.5 0.8 1.3 −1.45× 10−3 −0.299 4.4 28.8
(2018).
Hence, we can conclude that the estimate of
mass density Ωm = 0.2 − 0.3 inferred from distri-
bution of galaxies is just a lower limit, while the
upper limit of Ωm is unconstrained being possibly
close to or even higher than 1. This statement con-
tradicts the commonly accepted value of Ωm = 0.3
reported by Planck Collaboration et al. (2014b,
2016a, 2018) which is based on the interpretation
of the CMB as a relic radiation of the Big Bang.
Since the CMB is interpreted as thermal radiation
of intergalactic dust (Vavrycˇuk 2017b; Vavrycˇuk
2018), the results of Planck Collaboration et al.
(2014b, 2016a, 2018) are irrelevant for the pre-
sented theory and not considered in the numerical
modeling in this paper.
3.6. Hubble constant H0
Among numerous approaches used for measur-
ing the present-day expansion of the Universe I
focus on direct methods, which are considered to
be most reliable (for a review, see Jackson (2015)).
These methods are based on measuring local dis-
tances up to 20− 30 Mpc using Cepheid variables
observed by the Hubble Space Telescope (HST).
The HST galaxies with distance measured with
the Cepheid variables are then used to calibrate
type Ia supernovae (SNe). With this calibration,
the distance measure can be extended to other
more distant galaxies (hundreds of Mpc) in which
SNe Ia are detected (Freedman et al. 2001; Riess
et al. 2011). The best estimate of H0 obtained by
Riess et al. (2016) is 73.25 ± 1.74 km s−1 Mpc−1.
The precision of the distance scale was further re-
duced by a factor of 2.5 by Riess et al. (2018).
However, this value and its accuracy should be
taken with reservations, because it comes from
measurements uncorrected for intergalactic opac-
ity, see Section 5 Comparison with supernovae
measurements. The other methods based, e.g., on
the Sunyaev-Zel’dovich effect (Birkinshaw 1999;
Carlstrom et al. 2002; Bonamente et al. 2006) or
gravitational lensing (Suyu et al. 2013; Bonvin
et al. 2017) yield consistent values of H0 but with
a lower accuracy. The exception is H0 determined
from interpretation of acoustic peaks in the CMB
spectrum provided by Planck Collaboration et al.
(2016c), which is claimed to have a high accuracy
with a value of H0 = 67.3 ± 1.2 km s−1 Mpc−1.
The results based on the interpretation of the
CMB as a relic radiation of the Big Bang are not,
however, considered in this paper.
4. Results
Estimating cosmological parameters and their
uncertainties from observations (see Table 1), we
can calculate the upper and lower limits of the
volume of the Universe and the evolution of the
Hubble parameter with time. Since we confine
ourselves to cyclic cosmological models only, the
mass density of the Universe higher than the
critical density is considered, and subsequently
Ωm is higher than 1. Parameter Ωa varies from
−4.5× 10−3 to −5.9× 10−4 depending on the lu-
minosity density j0 and mean distance R0 between
DLAs (see eq. (21) and Table 1).
As seen from Fig. 2, the maximum redshift of
the Universe depends mostly on Ωa, and ranges
from 15 to 45. The maximum redshift zmax cor-
responding to a minimum scale factor amin cal-
culated by approximate eq. (29) has an accu-
racy higher than 1% (see Fig. 3). In contrast to
amin depending mostly on Ωa, the maximum scale
factor amax of the Universe depends primarily on
Ωm. Fig. 4 shows that amax rapidly decreases with
increasing Ωm. Obviously, the limiting value is
Ωm = 1, when amax is infinite. For Ωm = 1.1, 1.2,
13 and 1.5, the scale factor amax is 11.1, 6.0, 4.4
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Fig. 2.— Maximum redshift as a function of Ωm
and Ωa.
%
Fig. 3.— Errors of the approximate maximum
redshift as a function of Ωm and Ωa. The approx-
imate values are calculated by eqs (29) and (30).
The errors are evaluated in %.
and 3.0, respectively.
The history of the Hubble parameter H(z) and
its evolution in future H(a) calculated by eq. (19)
is shown in Fig. 5 for five scenarios summarized in
Table 1. As mentioned, the form of H(z) is con-
trolled by Ωa (Fig. 5a), while the form of H(a) is
controlled by Ωm (Fig. 5a). The Hubble parameter
H(z) increases with redshift up to its maximum.
After that the function rapidly decreases to zero.
The drop of H(z) is due to a fast increase of light
attenuation producing strong repulsive forces at
high redshift. For future epochs, function H(a) is
predicted to monotonously decrease to zero. The
rate of decrease is controlled just by gravitational
forces and the energy of the system. The repulsive
forces originating in light attenuation are negligi-
ble. For a comparison, Fig. 5 also shows the Hub-
ble parameter H(a) for the ΛCDM model (Planck
Collaboration et al. 2016a) which is the standard
model of the Big Bang cosmology characterized by
the accelerating expansion
H2 (a) = H20
[
Ωma
−3 + ΩΛ + Ωka−2
]
. (41)
with Ωm = 0.3, ΩΛ = 0.7 and Ωk = 0.
As regards the deceleration of the expansion, it
becomes zero before H(z) attaining its maximum
(see the black dot in Fig. 5). The redshift of the
zero deceleration is about 3/4 of the maximum
redshift of the Universe. As seen from Fig. 6, the
redshift of the zero deceleration is less than 15 for
most of considered values of Ωm and Ωa.
Also the distance-redshift relation is quite dif-
ferent for the standard ΛCDM model and for
the proposed cyclic model of the Universe (see
Fig. 7). In both models, the comoving distance
monotonously increases with redshift. However,
the redshift can go possibly to infinity in the stan-
dard cosmology, while the maximum redshift in
the cyclic cosmology is finite. Also the increase of
distance with redshift is remarkably steeper for the
standard model than for the cyclic models. The
ratio between distances in the cyclic and standard
cosmological models is about 0.6.
5. Comparison with supernovae measure-
ments
Measuring the SNe Ia is currently considered
as the most accurate method for determining cos-
mic distances. The uniformity of the SNe Ia al-
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linear scale logarithmic scale
Fig. 4.— The maximum scale factor as a function of Ωm. (a) Linear scale, (b) logarithmic scale. The
dependence on Ωa is negligible (for values considered in Fig. 2).
a) b)
A C B
E C D
Fig. 5.— The evolution of the Hubble parameter with redshift in the past and with the scale factor in future
(in km s−1 Mpc−1). (a) The blue dashed, dotted and solid lines show Models A, B and C in Tab. 1. (b)
The blue solid, dashed, and dotted lines show Models C, D and E in Tab. 1. The black dotted lines mark
the predicted maximum redshifts (a) and maximum scale factors (b) for the models considered. The black
dot denotes the state in C when the deceleration of the expansion is zero. The dot is not at the maximum
of H(z) because the zero deceleration is with respect to time but not with respect to z. The red solid line
shows the flat ΛCDM model with Ωm = 0.3, ΩΛ = 0.7. The Hubble constant H0 is 73.3 km s
−1 Mpc−1.
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Fig. 6.— Redshift z for the zero deceleration as
a function of Ωm and Ωa.
A C B
Fig. 7.— Comoving distance as a function of red-
shift z. The blue dashed, dotted and solid lines
show Models A, B and C in Tab. 1. The black dot-
ted lines mark the predicted maximum redshifts
for the models considered. The red solid line shows
the flat ΛCDM model with Ωm = 0.3, ΩΛ = 0.7.
The Hubble constant H0 is 73.3 km s
−1 Mpc−1.
lows to use them as the standard candle over a
wide distance range and to map directly the ex-
pansion history. The first results published by
Riess et al. (1998) and Perlmutter et al. (1999)
were based on measurements of 16 and 42 high-
redshift SNe Ia, respectively. They revealed an un-
expected dimming of SNe, which was interpreted
by an accelerating expansion. This surprising dis-
covery motivated large-scale systematic searches
for SNe Ia and resulted in a rapid extension of
supernovae compilations (Fig. 8), which comprise
now of about one thousand SNe Ia discovered and
spectroscopically confirmed (Sullivan et al. 2011;
Suzuki et al. 2012; Campbell et al. 2013; Betoule
et al. 2014; Rest et al. 2014; Riess et al. 2018).
Prior to interpretations of the SNe data, correc-
tions must be applied to transform an observed-
frame magnitude to a rest-frame magnitude. This
includes a cross-filter K-correction, a correction
for light extinction due to absorption by dust
in the host galaxy and in our Galaxy (Perlmut-
ter et al. 1999; Nugent et al. 2002; Riess et al.
2004). The uncertainties in the extinction correc-
tions are in general much higher than those in the
K-corrections (Nugent et al. 2002). Moreover, the
uncertainties increase due to neglecting extinction
by intergalactic dust which might display different
reddening than the interstellar dust. Obviously,
these uncertainties question whether the observa-
tions of supernovae dimming are not partly or fully
a product of intergalactic extinction.
Intergalactic opacity as a possible origin of
dimming of the SNe luminosity was proposed by
Aguirre (1999a,b). Also Me´nard et al. (2010a)
point out that a reddening-based correction is not
sensitive to intergalactic opacity and it might bias
the calculated distance modulus and the cosmo-
logical parameters describing the accelerating ex-
pansion. This problem was also addressed by
Riess et al. (2004) who admitted that some mod-
els of intergalactic dust produced a similar dim-
ming as that interpreted by the accelerating ex-
pansion. Moreover, recent detailed studies of ex-
tinction in SNe spectra revealed that standard ex-
tinction corrections are too simplified, because un-
expected complexities were detected in reddening,
being characterized by a variety of extinction laws
with RV going down to ∼ 1.4, see Amanullah et al.
(2014, 2015); Gao et al. (2015). The origin of ex-
tremely low RV values is not clear, but it is spec-
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Fig. 8.— The Hubble diagram with SNe Ia measurements (Union2.1 dataset). Solid red line - the flat
ΛCDM model with Ωm = 0.3, ΩΛ = 0.7, Ωk = 0. Solid blue line - the cosmological model with Ωm = 1.2,
ΩΛ = 0, Ωk = −0.2. The data are not corrected for intergalactic opacity. Modified after Suzuki et al. (2012,
their fig. 4).
ulated that the low RV might indicate small dust
grains. Alternatively, multiple scattering on stan-
dard dust grains in the circumstellar medium sur-
rounding SNe can cause the effective extinction
law to steepen (Goobar 2008; Bulla et al. 2018).
Since the current measurements of supernovae
distances ignore the systematic differences be-
tween the circumstellar, interstellar and inter-
galactic dust absorption and correct uniformly for
the Galaxy-type extinction (the CCM-law from
Cardelli et al. (1989) with RV = 3.1), any sys-
tematic trend in the distance-redshift function
caused by intergalactic light extinction is sup-
pressed. This might be the reason why any firm
evidence for a residual redshift-dependent evolu-
tion has not been found yet (Betoule et al. 2014).
However, this evolution can be disclosed, if ex-
ists, using an approach proposed by Goobar et al.
(2002) and Riess et al. (2004). The authors es-
timated extinction produced by intergalactic dust
by fitting a theoretical extinction curve to obser-
vations of SNe dimming in the redshift interval
z < 0.5. They showed that a satisfactory fit can
be found in this redshift interval, but a remarkable
discrepancy appears for higher z, see Goobar et al.
(2002, their fig. 3, model A) or Riess et al. (2004,
their fig. 7, ’high-z gray dust’ model). The dis-
crepancy can be removed when the proper density
of intergalactic dust becomes redshift independent
for z > 0.5 which is not physically well justified.
However, the approach of Goobar et al. (2002)
and Riess et al. (2004) can be modified to consider
the intergalactic extinction more properly. The
redshift-dependent optical depth of intergalactic
dust in the B-band reads (Vavrycˇuk 2017b, his eq.
19)
τB (z) =
ˆ z
0
λB (1 + z
′)2
cdz′
H (z′)
, (42)
where Hubble parameter H(z) is defined in eq.
(19). This formula takes into account an increase
of the proper dust density with redshift as (1+z)3
and a decrease of the intergalactic opacity (1+z)−1
due to the 1/λ extinction law. Consequently, the
extinction correction of the distance modulus is
expressed as
∆mB (z) = −2.5 log10 e−τB(z) . (43)
Since the extinction correction depends on the
Hubble constant H0 and intergalactic extinction
λB , we can invert for the optimum values of H0
and λB by fitting the dust model in the whole
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+Opaque universe model
Fig. 9.— Inversion for optimum cosmological pa-
rameters from SNe measurements: opaque uni-
verse model. The sum of the distance modulus
residua between the predicted model and measure-
ments of the SNe Union2.1 compilation is shown as
a function of the B-band intergalactic opacity λB
and the Hubble constant H0. In order the residua
to have the same weight for different redshift in-
tervals with a different number of SNe measure-
ments, the sum of absolute values of the residua
are calculated in bins (0 < z < 1.4) with step of
0.2. Only the most accurate measurements with
an error less than 0.25 mag are used. The opti-
mum solution marked by the plus sign is defined by
H0 = 66.8 km s
−1 Mpc−1 and λB = 0.094 Gpc−1.
+
Dark energy model
Fig. 10.— Inversion for optimum cosmological
parameters from SNe measurements: flat ΛCDM
model. The sum of the distance modulus residua
between the predicted model and measurements of
the SNe Union2.1 compilation is shown as a func-
tion of ΩΛ and the Hubble constant H0. In order
the residua to have the same weight for different
redshift intervals with a different number of SNe
measurements, the sum of absolute values of the
residua are calculated in bins (0 < z < 1.4) with
step of 0.2. Only the most accurate measurements
with an error less than 0.25 mag are used. The op-
timum solution marked by the plus sign is defined
by H0 = 71.4 km s
−1 Mpc−1 and ΩΛ = 0.76.
14
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Redshift z
-1
-0.5
0
0.5
1
1.5
 D
i s
t a
n c
e  
m
o d
u l
u s
Uncorrected residuals
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Redshift z
-1
-0.5
0
0.5
1
 D
i s
t a
n c
e  
m
o d
u l
u s
Corrected residuals
a) b)
Fig. 11.— Residual Hubble plots for the SNe Union2.1 compilation. (a) Residuals uncorrected for intergalac-
tic opacity λB . (b) Residuals corrected for intergalactic opacity. The zero line shows the opaque universe
model with λB = 0.094 Gpc
−1, Ωm = 1.2 and H0 = 66.8 km s−1 Mpc−1. The red line shows the flat ΛCDM
model with H0 = 71.4 km s
−1 Mpc−1, ΩΛ = 0.76 and Ωm = 0.24. Only the most accurate measurements
with an error less than 0.25 mag are shown. Data are taken from Suzuki et al. (2012).
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Fig. 12.— Residual Hubble plots for the SNe Union2.1 compilation. (a) Residuals uncorrected for inter-
galactic opacity λB . The zero line shows the flat ΛCDM model with H0 = 71.4 km s
−1 Mpc−1, ΩΛ = 0.76
and Ωm = 0.24. (b) Residuals corrected for intergalactic opacity λB . The zero line shows the opaque universe
model (model C in Table 1) with λB = 0.094 Gpc
−1, Ωm = 1.2, Ωk = −0.199 and H0 = 66.8 km s−1 Mpc−1.
Only the most accurate measurements with an error less than 0.25 mag are shown. Data are taken from
Suzuki et al. (2012).
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interval of the SNe observations. In this way, us-
ing the SNe Union2.1 compilation (Suzuki et al.
2012) for the model C in Table 1, we get the
best fit for parameters H0 = 66.8 km s
−1 Mpc−1
and λB = 0.094 Gpc
−1 (see Fig. 9). Analogously,
the same data can be inverted for the optimum
values of H0 and ΩΛ describing the flat ΛCDM
model of the accelerating expansion with the best
fit for H0 = 71.4 km s
−1 Mpc−1, ΩΛ = 0.76 and
Ωm = 0.24 (see Fig. 10). The both optimum so-
lutions yield comparable normalized misfits: 0.19
(Fig. 11b, the black line) for the model of the
opaque universe, and 0.18 for the model of the ac-
celerating expansion (Fig. 11a, the red line) when
the intergalactic extinction is neglected. As illus-
trated in Fig. 12, also residua of individual SNe
as a function of redshift are comparable for the
both alternative models. Hence, the model of the
opaque universe can successfully explain the ob-
served diming of SNe with no need to introduce
the dark energy and the accelerating expansion.
6. Other supporting evidence
The cyclic cosmological model of the opaque
universe successfully explains also other observa-
tions. First, the model predicts existence of very
old mature galaxies at high redshifts. The exis-
tence of mature galaxies in the early Universe was
confirmed, for example, by Watson et al. (2015)
who analyzed observations of the Atacama Large
Millimetre Array (ALMA) and revealed a galaxy
at z > 7 highly evolved with a large stellar mass
and heavily enriched in dust. Similarly, Laporte
et al. (2017) analyzed a galaxy at z ∼ 8 with a
stellar mass of ∼ 2 × 109 M and a dust mass of
∼ 6×106 M. A large amount of dust is reported
by Venemans et al. (2017) for a quasar at z = 7.5
in the interstellar medium of its host galaxy. In
addition, a remarkably bright galaxy at z ∼ 11
was found by Oesch et al. (2016) and a significant
increase in the number of galaxies for 8.5 < z < 12
was reported by Ellis et al. (2013). Note that the
number of papers reporting discoveries of galaxies
at z ∼ 10 or higher is growing rapidly (Hashimoto
et al. 2018; Hoag et al. 2018; Oesch et al. 2018;
Salmon et al. 2018).
Second, the model is capable to explain the ori-
gin of the CMB, its temperature and the CMB
anisotropies (Vavrycˇuk 2018). The opacity of the
Universe is mostly caused by absorption of light by
intergalactic dust. The absorbed energy warms up
dust grains and produces their thermal radiation
in the form of the CMB. Since the intensity of
light in intergalactic space is low, the intergalac-
tic dust is cold and emits radiation at microwave
wavelengths. The temperature of the CMB is pre-
dicted by this theory with the accuracy of 2%,
being controlled by the EBL intensity and by the
ratio of galactic and intergalactic opacities. The
temperature of intergalactic dust increases linearly
with redshift and exactly compensates the change
of wavelengths due to redshift. Consequently, dust
radiation looks apparently like the blackbody ra-
diation with a single temperature.
As shown by Vavrycˇuk (2018), the CMB power
spectrum fluctuations come from the EBL fluctu-
ations, which are produced by large-scale struc-
tures in the Universe. The prediction of a close
connection between the CMB fluctuations and the
large-scale structures is common to the opaque
universe model and the Big Bang theory. The ar-
guments of both theories explaining this connec-
tion are, however, reversed. The Big Bang theory
claims that the large-scale structures are a con-
sequence of the CMB fluctuations originated at
redshifts z ∼ 1000, while the dust theory claims
that the CMB fluctuations are produced by the
large-scale structures at redshifts less than 3 − 5.
The polarization anomalies of the CMB correlated
with temperature anisotropies are caused by the
polarized thermal emission of needle-shaped con-
ducting dust grains aligned by large-scale mag-
netic fields around clusters and voids. The phe-
nomenon is analogous to the polarized interstellar
dust emission in our Galaxy, which is observed at
shorter wavelengths because the temperature of
the galactic dust is higher than that of the inter-
galactic dust (Lazarian & Prunet 2002; Gold et al.
2011; Ichiki 2014; Planck Collaboration et al. 2015,
2016b).
Third, the model of the opaque universe ex-
plains satisfactorily: (1) the observed bolomet-
ric intensity of the EBL with a value of 100 −
200 nW m−1 sr−1 (Vavrycˇuk 2017b), (2) the red-
shift evolution of the comoving UV luminosity
density with extremely high values at redshifts
2 < z < 4 (Vavrycˇuk 2018, his fig. 11), and (3) a
strong decay of the global stellar mass density at
high redshifts (Vavrycˇuk 2018, his fig. 12). The
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increase of the luminosity density at z ∼ 2−3 does
not originate in the evolution of the star formation
rate as commonly assumed but in the change of
the proper volume of the Universe. The decrease
of the luminosity density at high z originates in
the opacity of the high-redshift universe. Impor-
tantly, the proposed theory is capable to predict
quantitatively all these phenomena by considering
a fixed value of the intergalactic opacity, obtained
from independent measurements (Xie et al. 2015).
If the observations are corrected for the inter-
galactic opacity, the comoving number density of
galaxies, the global stellar mass, and the overall
dust masses within galaxies and in the intergalac-
tic space are constant with cosmic time (Vavrycˇuk
2018, his figs 11 and 12). This property of the uni-
verse is essential also for deriving the equations of
cosmic dynamics in Section 2 Theory.
7. Discussion and conclusions
Physicists and astronomers sought forces coun-
terbalancing the gravity produced by galaxies in
the Universe for more than one century. This
puzzle was also addressed by Einstein (1917) who
introduced a cosmological constant into his field
equations of general relativity to establish a pres-
sure acting against the gravity and maintaining a
static universe. After a discovery of the expan-
sion of the Universe by Lemaˆıtre (1927) and Hub-
ble (1929), Einstein abandoned this concept (Ein-
stein & de Sitter 1932; O’Raifeartaigh & McCann
2014). However, this concept was later revived in
the form of dark energy to explain the accelerating
expansion reported by teams conducting and in-
terpreting supernovae measurements (Riess et al.
1998; Perlmutter et al. 1999). The dark energy
concept and the ΛCDM cosmological model are
now widely accepted even though they are specu-
lative with no clear physical basis.
Surprisingly, the radiation pressure as a cosmo-
logical force acting against the gravity has not
been proposed yet, even though its role is well
known in theory of stellar dynamics (Kippenhahn
et al. 2012). The radiation pressure is important
in evolution of massive stars (Zinnecker & Yorke
2007), in supernovae stellar winds and in galactic
wind dynamics (Martin 2005; Hopkins et al. 2012).
However, the cosmological consequences of the ra-
diation pressure have been overlooked. This was
caused probably by little knowledge of galactic and
intergalactic opacities and by unknown behavior
of the EBL with redshift. Since the high-redshift
universe is commonly assumed to be dark instead
of to be opaque, any role of the radiation pres-
sure is automatically excluded at high redshift. By
contrast, the radiation pressure plays an essential
role in the opaque universe model, because the
intergalactic opacity and the intensity of the EBL
steeply increase with redshift. This causes that the
radiation pressure, negligible at present, was sig-
nificant at high redshifts and could fully eliminate
gravity effects and stop the universe contraction.
In this way, the expansion/contraction evolu-
tion of the Universe seems to be a result of an im-
balance of gravitational forces and radiation pres-
sure. Since the comoving global stellar and dust
masses are basically independent of time with mi-
nor fluctuations only, the evolution of the Uni-
verse must be stationary. This implies a model of
the cyclic universe with an overcritical mass den-
sity. Obviously, the recycling processes of stars
and galaxies (Segers et al. 2016; Angle´s-Alca´zar
et al. 2017) play a more important role in this
model than in the Big Bang theory.
The age of the Universe in the cyclic model
becomes unconstrained and galaxies can be ob-
served at any redshift less than the maximum
redshift zmax. The only limitation is high inter-
galactic opacity, which can prevent observations
of the most distant galaxies. Hypothetically, it
is possible to observe galaxies from the previous
cycle/cycles, if their distance is higher than that
corresponding to zmax, which is predicted to be
less than 20 − 45. The identification of galaxies
from the previous cycles will be, however, diffi-
cult, because their redshift will be a periodic func-
tion with increasing distance. We cannot even ex-
clude observations of very distant galaxies char-
acterized by blueshifts, if the rest-frame galaxy
emission corresponds to a cosmic epoch charac-
terized by a larger volume of the Universe than at
present. However, this is not very likely, because
the intergalactic opacity increases with frequency
and the radiated light will be strongly attenuated.
On the contrary, it is plausible to assume that
the observed CMB comes partly from previous cy-
cle/cycles. The intergalactic opacity at the CMB
wavelengths is lower by several orders than the
opacity at the optical spectrum, hence the CMB
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traverses enormous distances unless it is fully at-
tenuated.
In the presented theory and in the analysis of
the SNe measurements, I simplified the problem
and ignored the issue of the spatial curvature of
the Universe, which is related to the density of
the Universe in general relativity. I developed
just a Newtonian form of the equations because
of the following reasons. First, except for the cur-
vature of the Universe significantly deviating from
the flat space, this issue is rather minor. Second,
the problem of the spatial curvature due to an ex-
tremely inhomogeneous density distribution in the
Universe is far more involved than usually treated.
Since the Einstein’s equations are non-linear, in-
serting simple large-scale averages into the equa-
tions might be incorrect and can yield biased re-
sults. This problem was addressed by Wiltshire
(2009), Duley et al. (2013) and Dam et al. (2017),
who developed the so-called timescape cosmology
as an alternative to the homogeneous cosmology
represented by, e.g., ΛCDM cosmological model.
Obviously, refining the presented theory by includ-
ing a correctly treated spatial curvature is desir-
able in future research.
In summary, the opaque universe model and
the Big Bang theory are completely different con-
cepts of the Universe. The both theories success-
fully predict basic astronomical observations such
as the Universe expansion, the luminosity density
evolution with redshift, the global stellar mass
history, SNe measurements and the CMB obser-
vations. However, the Big Bang theory is based
on many speculative assumptions and hypotheses
supported by no firm evidence. This applies to
speculations about an initial singularity, inflation,
Big Bang nucleosynthesis, baryon acoustic oscil-
lations, relic radiation, reionization epoch and ac-
celerating expansion, which are full of inconsisten-
cies, anomalies or tensions (Buchert et al. 2016;
Bullock & Boylan-Kolchin 2017). In addition, un-
physical concepts as the non-baryonic dark mat-
ter and the dark energy are introduced to recon-
cile the predictions with observations (Bull et al.
2016). By contrast, the cyclic model of the opaque
universe is based on the standard physics, it is
less speculative and predicts better the current ob-
servations. The dark matter revealed by rotation
curves of spiral galaxies and gravity measurements
(Rubin & Ford 1970; Rubin et al. 1980; Bahcall
et al. 1995; Bahcall & Kulier 2014; Bahcall 2015)
plays a key role in this theory, but there is no need
to assume its non-baryonic origin. The existence
of the non-baryonic dark matter is questioned also
by other studies (Kroupa 2015), e.g., by a detailed
study of properties of faint satellite galaxies of the
Milky Way (Kroupa et al. 2010), a failure of the
dual dwarf galaxy theorem (Kroupa 2012), and
by recent observations of a radial acceleration re-
lation of galaxies (McGaugh et al. 2016; Lelli et al.
2017).
Further development of the proposed cosmolog-
ical model and more definite conclusions about its
validity are conditioned by more accurate mea-
surements of the spectrum and anisotropies of the
EBL and CMB, physical properties of the inter-
galactic medium and Lyman systems, mass den-
sity and the curvature of the Universe, observa-
tions of galactic and intergalactic opacities, ex-
tinction laws of interstellar and intergalactic dust,
more accurate SNe Ia measurements, and obser-
vations of galaxies at redshifts z > 10.
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